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ABSTRACT - G a s  chromatographic and mass spectrometric ana lyses  on 

se l ec t ed  l i p i d  f r a c t i o n s  revealed f o r  t h e  f i r s t  time t h e  presence of 

e t h y l  esters of long-chain f a t t y  a c i d s  as b i o l o g i c a l  products. Ethyl 

esters of o l e i c  (17.0%), palmi t ic  (1.3%), and stearic (1.3X) a c i d s  

were de tec ted .  

pronounced mass s p e c t r a l  fragments a t  m / e  = 88. 

Both sa tu ra t ed  and unsaturated e t h y l  esters con ta in  

The presence of n a t u r a l l y  occurring esters of s h o r t  and lorig- 

chain f a t t y  a c i d s  has been documented f o r  several p l an t  and animal 

spec ies .  

(192)$ i n s e c t s  ( 3 , 4 ) ,  o i l s  of c e r t a i n  aqua t i c  animals (S) ,  as w e l l  

The complex ep icu t i cu la r  waxy coa t ing  of higher p l an t  su r f aces  

as t h e  mandibular cana l  of t h e  porpoise (6) are reported to con ta in  

waxy esters wi th  ac id  and a lcohol  moie t ies  are reported i n  a few ins t ances  

(6) .  

reported f o r  corn po l l en  (7), chlamydospores of Us t i lago  maydis (8) 

Recently, methyl esters of long-chain f a t t y  a c i d s  have been 

Q> 

. and t h e  sporangiospores and mycelia of Rhizopus a r r h i z u s  ( 9 ) .  This 

a r t ic le  r e p o r t s  f o r  t h e  f i r s t  t i m e  t h e  presence of novel esters of 

c e r t a i n  long-chain f a t t y  a c i d s  containing e t h y l  groups. 

Mycelial fragments (suspended i n  0.5 m l  of s ter i le  d i s t i l l e d  

water) 

and grown i n  the  dark  a t  25" C .  

c u l t u r e s  were harvested,  

were inoculated onto F o t h e r g i l l ' s  and Yeoman's s o l i d  media (10) 

After  a 3 day incubation period t h e  

The mycelial  mats were immediately f rozen ,  

lypholyzed, and 0 .434  g were ex t rac ted  wi th  chloroform: methanol (3:1) 

followed by n-hexane as previously described ( 9 ) o  The f r e e l y  

e x t r a c t a b l e  l i p i d s  were f r ac t iona ted  b y ' s i l i c a  g e l  column chromatography 

and t h e  f a t t y  ac id  ester components were obtained in t h e  neutral  
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f r a c t i o n  by e l u t i o n  with benzene, The ind iv idua l  methyl and e t h y l  

esters were separa ted  by gas-liquid chromatography and s t r u c t u r e  

confirmations were made by comparison w i t h  au then t i c  standards w i n g  

mass spectrometry. 

0 

As previously repor ted  (9), methyl esters ranging in carbon 

chain length from CI4 t o  C24 w e r e  found in  t h e  n e u t r a l  l i p i d  f r a c t i o n  

of t o t a l  l i p i d  e x t r a c t s  from - R. ar rh izus .  

de tec ted  under t h e  conditions presented he re  is given i n  Figure 1. No 

branched chain isomers were detected.  

The d i s t r i b u t i o n  of methyl esters 

Af ter  a t h r e e  day g r m t h  period t h e  

s i g n i f i c a n t  methyl ester components were pa lmi t a t e  and o l ea t e .  It w a s  

noted t h a t  f l uc tua t ions  i n  r e l a t i v e  concentrations of t hese  esters d id  

occur wi th  t i m e  bu t  methyl pa lmira te  and o l e a t e  remained t h e  predominant 

s a tu ra t ed  and unsaturated methyl esters. As can be seen i n  Figure 1, t h e  

esters of long-chain ac ids  containing e t h y l  groups were a l s o  s i g n i f i c a n t  

components. The predominant e t h y l  esters correspond t o  t h e  d i s t r i b u t i o n  

of major f r e e  f a t t y  ac ids  t y p i c a l  f o r  t h i s  organism 

w a s  t h e  predominant e t h y l  component 

(9), Ethyl  o l e a t e  

(17.0%) i n  t h e  t h r e e  day o ld  

cu l tu re s  whereas e t h y l  pa lmi ta te  ( 1 e 3%) and e t h y l  stearate ( 1 a 3%) 

were i n  lower concentrations.  It w a s  observed t h a t  relative concent ra t ion  

values changed s i g n i f i c a n t l y  with age of t h e  cu l tu re .  

Standards f o r  mass spec t romet r ic  comparison were prepared by 

t r e a t i n g  t h e  corresponding f a t t y  ac ids  with BF e thanol  o r  BF3- methanol 3- 

followed by e x t r a c t i o n  and gas chromatographic r e so lu t ion  as described 

previously f o r  t h e  prepara t ion  of esters (9) .  Scans of ehe n a t u r a l  

Q e t h y l  esters and t h e  a u t h e n t i c  s tandards  produced equivalent epec t  
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For e t h y l  pa lmi ta te  (Fig, 2) 

is t h e  base  peak which is analogous t o  t h e  pronounced d e  = 74 of s t r a i g h t -  

t h e  rearrangement peak C M 0 at  m / e  = 88 , 4 8 2  

chain methyl esters. 

t o  m / e  = 88 i n  e t h y l  esters is due t o  t h e  e t h y l  s i d e  chain being 

The f a c t  t h a t  t h e  base peak s h i f t s  from m / e  - 74 
incorporated i n  t h e  rearrangement i o n  formed by 2,3-cleavagee 

oxycarbonyl peak (m/e  = 101) 

i l l u s t r a t e d  i n  Fig. 2. The M-45 i n  t h i s  spectrum (which corresponds 

t o  t h e  loss  of M-31 i n  methyl e s t e r s )  

A meth- 

is  a l s o  present  i n  e t h y l  pa lmi t a t e  as 

and t h e  M-43 are both predominant 

i n  e t h y l  pa lmi ta te  and have been reported as c h a r a c t e r i s t i c  peaks f o r  

e t h y l  esters (11). Differences i n  r e l a t i v e  i n t e n s i t i e s ,  p a r t i c u l a r l y  

wi th  respec t  t o  t h e  molecular ion, were noted between our da t a  and t h e  

values repor ted  earlier by Ryhage and Stenhagen 

appearance of fragments such as m / e  = 88, 157, 213, and at M-45 and 

M-43 are in t ense  and apparent i n  both ins tances ,  

i n  a lower cont r ibu t ion  by t h e  molecular i o n  may be  a t t r i b u t e d  t o  

d i f f e r e n t  ope ra t iona l  conditions and ins t rumenta l  c h a r a c t e r i s t i c s .  

m/e = 88 and m / e  = 101 peaks are predominant i n  t h e  monounsaturated 

e t h y l  esters as shown i n  Fig. 3, however, as is t h e  case f o r  methyl 

o l ea t e ,  m / e  = 55 is a l s o  t h e  base peak f o r  t h e  e t h y l  ester. 

(11) e However, t h e  

Differences r e s u l t i n g  

The 

M-46 

represents  t h e  

corresponds t o  

esters (12). 

loss of e thanol  from t h e  monounsaturated e t h y l  ester and, 

t h e  pronounced M-32 observed f o r  monounsaturated methyl 

It seems poss ib l e  t h a t  e t h y l  esters may be more comon 

as n a t u r a l  products than .one might expect because m/e = 88 and d e  = 101 

peaks represent  major fragments i n  not only alpha-methyl and beta-methyl 

branched long-chain methyl esters (13) bu t  a l s o  shown here  fo  

long-chain e t h y l  estersc 



The b i o l o g i c a l  r o l e ( s )  of e i t h e r  methyl o r  e t h y l  este 

long-chain ac ids  is obscure a t  t h i s  t i m e  but t h e i r  func t ion  may be more 

than as s i m p l e  s t o r a g e  products. 

cen t r a t ions  of methyl esters, f o r  example, w i l l  enhance auxin and 

It has been reported t h a t  low con- 

g i b b e r e l l i n  a c t i v i t y  ( 1 4 ) ,  V o l a t i l e  cons t i t uen t s  of o i l s  conta in ing  

both methyl and e t h y l  esters of only low molecular weight f a t t y  ac ids  

(C2 - Cs) have been reported using gas chromatography r e t e n t i o n  d a t a  

f o r  var ious  f r u i t s  such as t h e  pineapple (15). .The b iosynthes is  of 

methyl esters of long-chain ac ids  has  been demonstrated by a so lub le  

enzyme system from Mycobacterium p h l e i  with ehe methylating agent being 

S-adenosylmethionine (16). On t h e  o ther  hand, t h e  mechanism of 

formation/ethyl esters is  unknown. The most p l a u s i b l e  explanation for , 

t h e  b iosynthes is  of such esters may be t h a t  suggested by Kolattukudy (2) 

of 0 

f o r  high molecular weight waxy e s t e r s  which involve t h e  e s t e r i f i c a t i o n  

of f r e e ,  ac t iva t ed ,  o r  p r o t e i n  bound f a t t y  a c i d s  with f a t t y  alcohols.  

Work is now underway i n  our labora tory  t o  determine t h e  phys io logica l  

and metabolic s ign i f i cance  of these  newly observed ethyl esters. 
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Figure? 1, Gas chromatographic separa t ion  of methyl and e t h y l  ester8 

of long-chain f a t t y  ac ids  of R, arrhieus- using a 100 f t  

0.02 i n  s t a i n l e s s  steel c a p i l l a r y  column coated with 3% 

'. apiezon L. In j ec to r  temp 250' C, de tec to r  temp. 325' C, 

temp. program from 130" C - 230" C at  6" C per  minute 
; 

with a 2 minute i n i t i a l  hold. > 

Figure 2, Low r e so lu t ion  fragmentation p a t t e r n  of e t h y l  pa lmi ta te  

a t  70 eV.  Approximately 85% of gas chromatographic 

e f f l u e n t  was allowed t o  e n t e r  a Hi tachi  Perkin-Elmer 

W - 6  by means of a g l a s s  s epa ra to r  operated at 250' C. 

The ion  source was  a t  270' C and scans were from 0.0 

t o  400 m / e  i n  10 sec. 

e Figure '3 ,  Low r e so lu t ion  fragmentation p a t t e r n  of e t h y l  o l e a t e  a t  

70 eV,  Conditions as descr ibed in Fig, 2, 
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